ABSTRACT INTRODUCTION Macrophage -colony stimulating factor (M -CSF) is one of the glycoproteins called hematopoetic growth factors. The direct production of this cytokine has been reported in tumor cell lines in vitro and in solid tumors in vivo.
INTRODUCTION
Breast cancer is the most common cancer in women. Premature menstruation, delayed menopause, diet, over -exertion, and both endo-and exogenous hormones, such as prolonged oral contraception or hormone replacement therapy, are risk factors for the development of breast cancer .
1,2
Macrophage -colony stimulating factor (M -CSF) is among the cytokines known as hematopoetic growth factors (HGFs). Firstly, these cytokines regulate the growth and differentiation of hematopoetic cells and accelerate maturation of neutrophils and macrophages. 3, 4 The most recent studies have shown that HGFs may stimulate proliferation of non -hematopoetic, e.g. cancer cells. 5, 6 Other studies have shown M -CSF, coding mRNA in cancer cell lines.
7,8

ORIGINAL ARTICLE
Comparative evaluation of plasma levels and diagnostic values of macrophage -colony stimulating factor in patients with breast cancer and benign tumors reagents from R&D. CA 15-3 was detected with the immunoenzymatic method using microparticles (MEIA) from ABBOTT.
A statistical analysis of the results was performed using the STATISTICA program. Since a normal distribution was not confirmed, the evaluation of the statistical significance of differences between the study groups and the control group was performed based on the non -parametric Mann -Whitney's U test. Spearmen's test was used to determine correlations between the para meters studied. Moreover, the para meters for the diagnostic and predictive values of positive (PV +ve ) and a negative (PV -ve ) results were calculated.
RESULTS TABLE presents concentrations (median + deviation) of M -CSF and of the compared marker, CA 15-3, in breast cancer and benign tumor patients and in the control group. The concentration of M -CSF in the whole group studied (median 440.6 pg/ml) was significantly higher than the benign tumor group (307.22 pg/ml) (p = 0.00044) and the control group (298.9 pg/ml) (p = 0.000039). No statistically significant difference was found between group A (patients with a low stage of clinical advancement) and the group of benign tumor patients as compared to the control group. However, significant statistical differences were observed between particular groups of patients at a higher stage of clinical advancement: group B (397.5 pg/ml), group C (497.1 pg/ml) and group D (639.4 pg/ml) as compared to the control group, as well as between group C or D and the group with benign tumors. Similar differences in concentrations were observed with CA 15-3.
Furthermore, there were statistically higher concentrations of M -CSF, similar to CA 15-3, in a more advanced stage of breast cancer (III or IV, groups C or D) as compared to stage I or II (groups A or B). In addition, a statistically significant difference was found between groups B and A for the concentrations of M -CSF (p = 0.015).
A statistically significant positive correlation between M -CSF and CA 15-3 was also demonstrated (R = 0.224; p = 0.044).
Evaluation of diagnostic para meters, such as diagnostic sensitivity and specificity, and the predictive value of positive (PV +ve ) and negative (PV -ve ) results, made it possible to establish a cut -off for the para meters studied (95th percentile of the control group), i.e. 406.84 pg/ml for M -CSF and 25.6 U/ml for CA 15-3.
The diagnostic sensitivity in the total breast cancer group studied (58%), PV +ve (94%) and PV -ve (43%), exceeded CA 15-3 in each case (49%, 93% and 40%, respectively). A combined analysis of diagnostic sensitivity demonstrated an increase in the whole group of breast cancer patients of up to 72%, PV +ve to 95% and PV -ve to 54%. The diagnostic specificity of M -CSF and CA 15-3 was very high and amounted up to 93% for both parameters (FIGURE 1).
It has been also reported that breast cancer cells secrete cytokines, including SCF 9 and M -CSF 10,11 . Furthermore, the receptors for HGFs in breast cancer cell lines have been located, and the possibility of their proliferation has been demonstrated. 9, 11 The expression of mRNA for M -CSF in breast cancer cells has been observed 12 , and it has been confirmed that this cytokine may stimulate the progression of a cancer, as found in BT 549, MDA -MB -436 and MDA -MB -231 cancer cell lines 12, 13 . Secretion of M -CSF from breast cancer cells is accompanied by an expression of receptors for this cytokine (CSF -1R -approximately in 50% of all tumors, and 90% metastatic tumors), suggesting this cytokine has both an auto crine and endocrine role in the invasiveness of a tumor. 11, 13 In addition, elevated levels of M -CSF were shown in plasma of breast cancer patients. 14 -17 Following the analysis of reference reports, the aim of this study was to determine the levels of hematopoetic cytokine (M -CSF) and tumor markers (CA 15-3) in breast cancer patients, as compared to benign tumor patients and a control group. Furthermore, the concentrations of the para meters studied were analyzed depending on the tumor's stage of development. The diagnostic value and correlation between M -CSF and CA 15-3 were also evaluated.
PATIENTS AND METHODS
A group of 70 patients with breast cancer, aged 38-77 years (mean 59 years, standard deviation [SD] = 8.4) and one of 20 women with benign breast tumors (30-64 years, SD = 8.4) were enrolled in the study. A study group of women with breast cancer were further divided into subgroups depending on the stage of cancer: group A -16 patients (stage I -T1N0M0), group B -22 patients (IIA -T2N0M0 -5, IIB -T2N1M0 -14 and T3N0M0 -3), group C -16 patients (IIIA -T2N2M0 -5, T3N1M0 -4, T3N2M0 -3 and IIIB -T4N2M0 -2, T4N3M0 -2) and group D -16 patients (distant meta stases). The histo logical type of cancer was established in all patients, i.e. in a majority of patients carcinona intraductale was diagnosed (67 patients), and in the remaining patients -carcinoma lobulare was found (3 patients). The group with benign tumors consisted of the following patients: 6 with adenoma, 2 papilloma intraductale, 9 fibroadenoma, 1 masthopathy and 2 adenoma papillare. Blood samples were taken prior to any treatment. Enrollment of the patients into a study or a control group was performed basing on examinations conducted by a gyneco logist or onco logist. A control group consisted of 30 women aged 37-74 years (mean 58 years, SD = 8.4). The study was approved by the Bioethics Committee of the Medical Academy in Białystok.
Blood samples were drawn into a solution of sodium salt heparin, and spun in order to obtain platelet poor plasma. The plasma was stored at a temperature of -85°C. M-CSF was determined by an immunoenzymatic method (ELISA) using
The diagnostic sensitivity of M -CSF and CA 15-3, depending on the stage of breast cancer, is shown in FIGURE 2. An apparent increase in sensitivity with the advancement of breast cancer was reported, both in case of M -CSF and CA 15-3. In group A sensitivity to M -CSF was 23%, in B -48%, in C -78%, in D -86% and in each case these values were higher than CA 15-3 (17%, 41%, 63% and 80%, respectively). A combined analysis of M -CSF and CA 15-3 clearly increased the diagnostic sensitivity of the assays, i.e. in group A -to 34%, in B -to 60%, in C -to 88% and in D -up to 91%. 23 .
In the studies performed, plasma was used as an investigational material, as the blood clotting does not lead to false overestimation of concentrations. A cytokine concentration in serum is higher, as they can be secreted by the cells involved in blood clotting (e.g. thrombocytes). Normal values of M -CSF in serum range from 150 to 500 U/ml or 3-8 ng/ml, and are higher than in plasma. 18, 19 High levels of M -CSF, both in serum and plasma, were found in patients with pancreatic cancer 23 , uterus cancer 22,24 , ovarian cancer 8, 25, 26 and in soft tissue sarcomas 27 . Elevated levels of HGFs, e.g. SCF and M -CSF, were reported in serum of breast cancer patients.
9,15,24
An increase in M -CSF concentration was demonstrated both in serum and peritoneal or pleural exudate in patients with highly advanced breast cancer. 15, 24 Clinical studies have also shown that elevated concentration of M -CSF correlates in the majority of cases with advanced stages of cancer and poor prognoses.
10,24
In the present study, the concentration of M -CSF in the plasma of breast cancer patients was significantly higher than in benign tumor patients or the control group. Moreover, it is of great importance that no statistically significant differences were demonstrated between patients at the least advanced stage of breast cancer and patients with benign tumors, when compared to the control group. This allows for the accurate differentiation of patients with cancer (except for the patients with the first stage cancer) and patients with benign tumors and healthy individuals, based on M -CSF concentration, which is a highly desirable cancer marker property. 28, 29 Similar results were obtained in studies by McDermott et al.
14 , in which plasma concentrations of M -CSF in patients with advanced breast cancer were solely compared to a control group of healthy women, 
FIGURE 1
Diagnostic para meters of macrophage -colony stimulating factor (M -CSF) and CA 15-3 in breast cancer patients our previous studies, performed with a selection of the study and control groups established in a different way. 16, 30 A predictive value of a positive result reflects the probability of cancer diagnosis based on the positive results of the investigation. The predictive value of a negative result introduces the probability of excluding the disease on its basis. In the studies performed higher predictive values were demonstrated in M -CSF than in CA 15-3.
Summing up the results, it should be noted that the M -CSF plasma levels in breast cancer patients (except for group A) were significantly higher than those in benign tumor patients and the control group. However, no differences in the M -CSF plasma levels between the group of benign tumor patients and healthy individuals were reported. This makes differentiation between cancer and cancer -free patients possible. Furthermore, M -CSF diagnostic indicators turned out to be an improvement on CA 15-3 ones, and results of combined detection of both markers seem to be very promising. At present, it seems that future analyses will confirm the usefulness of M -CSF in breast cancer diagnostics; this requires further investigation, however.
Conclusions from the presented study are as follow:
1) The concentration of M-CSF, like CA 15-3, was apparently higher in the plasma of the breast cancer patients (except for patients at the least advanced stage of cancer) than in the benign tumor patients and the control group. 2) M -CSF and CA 15-3 are not useful in differentiating between healthy patients and those with benign tumors.
3) The diagnostic sensitivity of M -CSF in each study group of breast cancer patients was higher than that of CA 15-3 and seemed to increase with the advancement of cancer; a combination of the 2 para meters markedly enhanced diagnostic performance. 4) M -CSF and CA 15-3 demonstrated equally high capacity to exclude and high probability to diagnose breast cancer. 5) M -CSF may be helpful in diagnostics and differentiation of breast cancer patients, especially in patients with advanced stages of cancer; further studies are required, however.
and in other studies with a different selection (number and histology) of the groups investigated 30 . Comparable results were also obtained in patients with other malignancies, e.g. pancreatic cancer 23 or ovarian cancer 26 . Moreover, an increase in M -CSF concentration was found in more advanced stages of breast cancer (stages III and IV) compared to stages I and II (a statistically significant difference). The results are similar to those of other authors.
15, 16 Scholl et al. 15 reported significantly higher M -CSF serum concentrations in patients with meta stases than in patients with localized tumors, and demonstrated that patients at the early stage of cancer (T0/T1/T2) had significantly lower cytokine concentrations than patients with larger tumors (T3/T4). Slightly different results were presented by McDermott et al. 14 , reporting no statistically significant differences between a group of patients with invasive cancer and one at the pre--invasive stage. The above discrepancies probably derived from the study groups selected.
Spearman's method was applied to analyze the correlation between the cytokine studied and CA 15-3. A statistically significant positive correlation was found between M -CSF and CA 15-3 concentrations, suggesting a similarity in fluctuations of cytokine concentrations in relation to a marker commonly used in breast cancer diagnostics. 31, 32 Therefore, M -CSF, much like CA 15-3, may turn out to play a diagnostic role in breast cancer.
An ideal cancer marker should be highly specific, i.e. it should not be detected in healthy individuals; it should be highly sensitive, i.e. it should be detectable in cancer patients; and it should allow for very early detection, even when only single cancer cells are present. It should also have a high predictive value and correlate with the size of a tumor. None of the markers to date meet the criteria of 100% specificity or 100% sensitivity. In the present paper M -CSF, both in the total group studied and in its subgroups related to the stage of breast cancer, displayed a higher sensitivity than CA 15-3, thus confirming 
